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(57) A control apparatus (20) of an electric power 
steering system has calculating means, controlling 
means, determining means , suppressing means, can- 
celing means. Calculating means calculates an assist 
current value that corresponds to the assist force based 
on steering torque of a steering wheel. Controlling 
means executes assist control of the motor based on 
the assist current value. Determining means determines 
an abnormality in the circuit. Suppressing means sup- 



presses the assist control when an abnormality in the 
circuit is determined. If the determination of an abnor- 
mality has continued longer than a predetermined time 
since the suppression of the assist control, the sup- 
pressing means opens relay means that permits electric 
power to be supplied to the motor, When it is determined 
that the circuit returns to normal with the assist control 
suppressed, the canceling means cancels the suppres- 
sion of the assist control. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to an apparatus 
and a method for controlling an electric power steering 
system used in vehicles such as automobiles. 
[0002] An electric power steering system uses an 
electric motor to assist movement of a steering wheel. 
The electric motor generates assist force to reduce force 
for manipulating a steering wheel, or steering force. The 
electric motor is controlled by a control value outputted 
by a control apparatus. The control value is calculated 
by the control apparatus based on the deviation be- 
tween a control target value and a driving current that 
actually flows through the electric motor. An assist cur- 
rent value, which is a control target value related to the 
assist force, is calculated by the control apparatus 
based on the steering torque of the steering wheel. 
Hereinafter, this control/which is executed based on the 
assist current value, will be referred to as assist control. 
[0003] A typical prior art control apparatus discontin- 
ues the assist control when there is an abnormality in a 
power supply circuit connected to the torque sensor or 
when the level of the detection signal is out of a normal 
range and such abnormality continues over a predeter- 
mined determination time. Upon stopping the assist 
control, the control apparatus turns off a power supply 
relay for supplying electric power to the motor and a re- 
lay provided in a drive circuit of the motor. 
[0004] The control apparatus includes a detecting cir- 
cuit that detects the motor driving current and the motor 
terminal voltages. Based on the detection result, an ab- 
normality of the motor and an abnormality of a circuit 
that drives the motor are detected. When such abnormal 
condition continues over a predetermined time, the con- 
trol apparatus discontinues the assist control and turns 
off the relays. 

[0005] Conventionally, the determination time is rela- 
tively short so that, if there is an abnormality as de- 
scribed above, the relays are turned off at the same time 
as the assist control is stopped. 

[0006] When detecting abnormalities using a short 
determination time, a detected abnormality may be dis- 
solved after the determination time (for example, when 
the abnormality is caused by noises and temporally). In 
this case, an abnormality is erroneously detected. 



tern is coupled to a steering wheel. The electric power 
steering system includes a motor and a circuit related 
to control of the motor. The motor generates assist force 
for reducing steering force of the steering wheel. The 

5 apparatus has calculating means, controlling means, 
determining means, and canceling means. Calculating 
means calculates an assist current value that corre- 
sponds to the assist force based on steering torque of 
the steering wheel. Controlling means executes assist 

10 control of the motor based on the assist current value 
such that the motor generates the assist force. Deter- 
mining means determines an abnormality in the circuit. 
Suppressing means suppresses the assist control when 
an abnormality in the circuit is determined. If the deter- 

15 mination of an abnormality has continued longer than a 
predetermined time since the suppression of the assist 
control, the suppressing means opens relay means that 
permits electric power to be supplied to the motor. When 
it is determined that the circuit returns to normal with the 

20 assist control suppressed, the canceling means cancels 
the suppression of the assist control 
[0009] The present invention also provides a control 
method of an electric power steering system coupled to 
a steering wheel. The electric power steering system in- 

25 eludes a motor and a circuit related to control of the mo- 
tor. The motor generates assist force for reducing steer- 
ing force of the steering wheel. The method includes cal- 
culating an assist current value that corresponds to the 
assist force based on steering torque of the steering 

30 wheel; executing assist control of the motor based on 
the assist current value such that the motor generates 
the assist force; determining an abnormality in the cir- 
cuit; suppressing the assist control when an abnormality 
in thecircuit is determined, wherein, if the determination 

35 of an abnormality has continued longer than a predeter- 
mined time since the suppression of the assist control, 
a relay that permits electric power to be supplied to the 
motor is opened; and canceling the suppression of the 
assist control when it is determined that the circuit re- 

40 turns to norma! with the assist control suppressed. 
[0010] Other aspects and advantages of the invention 
will become apparentf rom thefollowing description, tak- 
en in conjunction with the accompanying drawings, il- 
lustrating by wayof example the principles of the inven- 
ts tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 



SUMMARY OF THE INVENTION 

[0007] Accordingly, it is an objective of the present in- 
vention to provide a control apparatus of an electric pow- 
er steering, which control apparatus prevents abnormal- 
ities in circuits from being erroneously detected. 
[0008] To achieve the foregoing and other objectives 
and in accordance with the purpose of the present in- 
vention, a control apparatus of an electric power steer- 
ing system is provided. The electric power steering sys- 



[0011] The invention, together with objects and ad- 
50 vantages thereof, may best be understood by reference 
to the following description of the presently preferred 
embodiments together with the accompanying drawings 
in which: 

55 Fig. 1 is a circuit diagram showing a control appa- 
ratus of an electric power steering according to a 
first embodiment of the present invention; 
Fig. 2 is a block diagram showing the CPU of the 
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control apparatus shown in Fig. 1 ; 
Fig. 3 is a flowchart showing a program executed 
by the CPU shown in Fig. 2; 
Fig. 4 is a time chart showing the relationship be- 
tween abnormality detection and a current value ac- 
cording to the first embodiment; 
Fig. 5 is a time chart showing the relationship be- 
tween abnormality detection and a current value ac- 
cording to a second embodiment; 
Fig. 6 is a flowchart showing a program executed 
by a CPU according to the second embodiment; 
Fig. 7 is a flowchart showing a program executed 
by a CPU according to a third embodiment; and 
Fig. 8 is a time chart showing the relationship be- 
tween a current value and abnormality detection ac- 
cording to the third embodiment and a fourth em- 
bodiment. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[001 2] A control apparatus 20 according to a first em- 
bodiment will now be described with reference to Figs. 
1 to 4. The control apparatus 20 controls an electric pow- 
er steering used in a vehicle. 

[0013] Fig. 1 is an electric block circuit of the control 
apparatus 20. 

[0014] The control apparatus 20 includes a central 
processing unit (CPU) 21 , a motor drive circuit 22 : a first 
detecting circuit 23, a second detecting circuit 24, first 
and second drive circuit 25, 26, a main power supply 
circuit 27, and an sub power supply circuit 28. The sub 
power supply circuit 28 supplies a voltage Ps to a torque 
sensor 31 from a battery B. The sub power supply circuit 
28 also outputs a signal that is related to the voltage Ps 
applied to the torque sensor 31 to the CPU 21 . The main 
power supply circuit 27 supplies electric power to the 
CPU 21 and other circuits. 

[0015] The CPU 21 includes a read-only memory 
(ROM) 29 and a random-access memory (RAM) 30 for 
temporarily storing data. 

[0016] The ROM 29 stores various control programs 
executed by the CPU 21. The RAM 30 temporarily 
stores calculation results of the CPU 21 when the CPU 
21 executes calculations. 

[0017] The torque sensor 31 is connected to the CPU 
21 . The torque sensor 31 detects steering torque Th of 
a steering wheel (not shown) and sends a detection sig- 
nal to the CPU 21. A vehicle speed sensor 32 is also 
connected to the CPU 21 . The vehicle speed sensor 32 
sends a detection signal that corresponds to the number 
of revolution of the driving wheels, or a signal represent- 
ing the vehicle speed V, to the CPU 21 . Signals including 
the detection signals are inputted in the CPU 21 through 
a conventional analog-to-digital converter and an inter- 
face (neither is shown). Signals including the detection 
signals are outputted from the CPU 21 through a con- 
ventional digital-to-analog converter and an interface 
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(neither is shown). 

[0018] In this embodiment, the CPU 21 functions as 
controlling means, determining means, suppressing 
means, canceling means, and detecting means. 

5 [0019] The CPU 21 is electrically connected to the 
second detecting circuit 24, which detects a motor driv- 
ing current Im flowing through the motor M. The second 
detecting circuit 24 sends a signal representing the mo- 
tor driving current Im to the CPU 21 . The CPU 21 is con- 

10 nected to the first detecting circuit 23, which detects the 
terminal voltages of the motor M. The terminal voltages 
of the motor M are inputted in the CPU 21 . 
[0020] The CPU 21 receives detection signals from 
the sensors and circuits and executes various control 

is programs such as an assist control and a fail-safe pro- 
cedure. The CPU 21 computes a control value based 
on the detection signals. The CPU 21 executes PWM 
calculation based on the control value. The CPU 21 then 
outputs a signal based on the PWM calculation to the 

20 motor drive circuit 22 so that the motor drive circuit 22 
drives the motor M. The motor M in turn generates assist 
force to assist the steering force of the steering wheel. 
[0021 ] The assist control executed by the CPU 21 will 
now be described. As shown in Fig. 2, the CPU 21 in- 

25 eludes a phase compensator 35, a main calculator 36, 
a current controller 37, a PWM calculator 38, and a 
memory 50. 

[0022] The phase compensator 35 compensates for 
the phase of the steering torque Th detected by the 

30 torque sensor 31 to improve the stability of the control 
apparatus 20 of the electric power steering. After the 
phase is compensated for, the steering torque Th is in- 
putted in the main calculator 36. The vehicle speed V, 
which is detected by the.vehicle speed sensor 32, is in- 

35 putted in the main calculator 36. The main calculator 36 
calculates an assist current value I, which corresponds 
to the vehicle speed V and the steering torque Th, based 
on an assist map stored in the ROM 29. 
[0023] The assist current value I is a target value re- 

40 lated to the assist force for reducing the steering force 
of the steering wheel (not shown). 
[0024] The main calculator 36 supplies the assist cur- 
rent value I to the current controller 37. The current con- 
troller 37 calculates a PI control value and a PID control 

45 value based on the difference between the actual motor 
driving current Im detected by the second detecting cir- 
cuit 24 and the assist current value I. The current con- 
troller 37 then outputs the control values to the PWM 
calculator 38. 

50 [0025] The PWM calculator 38 executes pulse width 
modulation (PWM) calculation in accordance with the 
control values. Based on the result of the calculation, 
the PWM calculator 38 supplies a left pulse width mod- 
ulated (LPWM) signal, a right pulse width modulated sig- 

55 nal (RPWM), a left direction (LD) signal, and a right di- 
rection (RD) signal to the motor drive circuit 22. The mo- 
tor drive circuit 22 controls the motor M based on these 
signals. As a result, the motor M applies a proper assist 



EP1 319 576 A2 



3 



INSDOCID: <EP 1319576A2_I_> 



5 



EP 1 319 576 A2 



6 



force to the steering system of the vehicle. 
[0026] The memory 50 is a memory area in a part of 
the RAM 30. The memory 50 renews and stores the as- 
sist current value I, which is calculated by the main cal- 
culator 36 and corresponds to the state of the vehicle. 
During the execution of a fail-safe procedure, the main 
calculator 36 stops the assist control and reads a fail- 
safe current value lo : which had been stored immedi- 
ately before the fail-safe procedure was started, from 
the memory 50. The main calculator 36 executes calcu- 
lation such that the fail-safe current value lo gradually 
decreases to converge on a predetermined value, which 
is zero, according to a predetermined rate h (0 < h < 1) 
at predetermined intervals, thereby computing a calcu- 
lation value In. The main calculator 36 outputs the cal- 
culation value In to the current controller 37. The fail- 
safe procedure refers to a function in which, when apart 
of the system malfunctions, another part complements 
or the system is safely. stopped. 

In = to h A (n)(1) 

[0027] In this equation, n represents the number of 
calculations. A represents power, and h A (n) represents 
h to the nth power. 

[0028] During the fail-safe procedure, the current con- 
troller 37 calculates the deviation between the In ob- 
tained with the equation (1 ) and the motor driving current 
Im to execute feedback control. 

[0029] A motor driver, which is a motor drive circuit 22 
in this embodiment, includes a breaker circuit 40 } an H- 
bridge pre-driver 41 , and an H-bridge circuit 42. 
[0030] The H-bridge circuit 42 is, for example, an n- 
channel MOS type field effect transistor (FET) and has 
first to fourth FETs 51 to 54. The first and third FETs 51 , 

53 are connected in series. The second and fourth FETs 
52, 54 are connected in series. These series circuits are 
connected in parailel. 

[0031] The first and second FETs 51 , 52 are connect- 
ed to the battery B by way of a power supply relay 55 , 
A node C1 of the first and third FETs 51 , 53 is connected 
to one of the terminals of the motor M by way of a motor 
relay 56. A node C2 of the second and fourth FETs 52, 

54 is connected to the other terminal of the motor M. 
The third and fourth FET 53, 54 are grounded by way of 
a shunt resistor 57. 

[0032] In this embodiment, the power supply relay 55 
and the- motor relay 56 function as make-and-break 
means. 

[0033] Each of the first to fourth FETs 51 to 54 is con- 
nected to the H-bridge pre-driver 41 by way of a corre- 
sponding gate. 

[0034] When voltage is supplied to a selected gate 
through the H-bridge pre-driver 41, the corresponding 
one of the FETs 51 to 54 is turned on. When only the 
first and fourth FETs 51 , 54 are on, voltage is supplied 
the first FET 51 , the motor relay 56, the motor M, the 
fourth FET and the shunt resistor 57, which causes the 



motor M to rotate in a forward direction. 
[0035] When only the second and third FETs 52, 53 
are on, voltage is supplied to the second FET 52, the 
motor M, the motor relay 56, the third FET 53, and the 
5 shunt resistor 57, which causes the motor M to rotate in 
a reverse direction. 

[0036] A command signal from the CPU 21 to the H- 
bridge pre-driver 41 is outputted through the breaker cir- 
cuit 40. The breaker circuit 40 receives the LPWM sig- 
10 nal, the RPWM signal, the LD signal, and the RD signal, 
and, based on these signals, outputs the command sig- 
nal for the H-bridge pre-driver 41 . The command signals 
include a right steering (RS) signal and a left steering 
(LS) signal. 

15 [0037] The node between the breaker circuit 40 and 
the H-bridge pre-driver 41 is connected to the CPU 21 . 
The RS signal and the LS signal are sent to the CPU 
21 . Based on a signal from the CPU 21 , the breaker cir- 
cuit 40 interrupts the command signal to the H-bridge 

20 pre-driver 41 . 

[0038] The first detecting circuit 23 is connected to the 
node C1 between the first and third FETs 51 , 53 and to 
the node C2 between the second and fourth FET 52, 54, 
and detects both terminal voltages of the motor M. 

25 [0039] The second detecting circuit 24 detects the 
motor driving current Im based on the terminal voltages 
of the shunt resistor 57. 

[0040] Based on a command signal from the CPU 21 , 
the relay drive circuits 25, 26 turns on and off the power 

30 supply relay 55 and the motor relay 56. 

[0041] The operation of this embodiment will now be 
described with reference to Figs. 3 and 4. 
[0042] Fig. 3 is a flowchart of a fail-safe program of 
the sub power supply circuit 28. The CPU 21 executes 

35 the program of Fig. 3 at a predetermined interval of sev- 
eral microseconds. 

[0043] In step S10, the CPU 21 determines whether 
the sub power supply circuit 28 has an abnormality. 
[0044] Specifically,, the CPU 21 judges whether the 

40 voltage Ps of the sub power supply circuit 28 is within a 
predetermined range, or whether the voltage Ps is high- 
er than a first determination value Ps1 and less than a 
second determination value Ps2. The first determination 
value Ps1 is greater than zero. 

45 [0045] The determination values Ps1 , Ps2 are stored 
in the ROM 29 in advance. 

[0046] When the voltage Ps is in the predetermined 
range, the outcome of step S10 is negative, and the 
CPU 21 temporarily suspends the program. When the 
so voltage Ps is out of the predetermined range, the out- 
come of step S10 is positive, and the CPU 21 proceeds 
to step S20. 

[0047] In step S20, the CPU 21 adds one to a first ac- 
cumulated value T1 , which has been accumulated by 
55 processes before step S10, and sets the resultant as 
the current first accumulated value T1 . Thereafter, the 
CPU 21 proceeds to step S30. 

[0048] In step S30, the CPU 21 determines whether 
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the first accumulated value T1 is greater than a first 
threshold value, which is a first determination value Ts1 
(T1 > Ts1). That is, the CPU 21 determines whether an 
abnormality in the sub power supply circuit 28 has con- 
tinued for a first determination time, 
[0049] If the first accumulated value T1 is less than 
the first determination value Ts1 , the outcome of step 
S30 is negative, and the CPU 21 temporarily suspends 
the program. 

[0050] When the outcome of step S30 is positive, the 
CPU 21 determines that the first accumulated value T1 
is greater than the first determination value Ts1 . That is, 
the CPU 21 determines that the abnormality in the sub 
power supply circuit 28 has continued for the first deter- 
mination time and establishes a first determination. 
When the first determination is established, the process 
proceeds to the fail-safe procedure. After the fail-safe 
procedure, the CPU 21 resets the first accumulated val- 
ue T1 to zero, and proceeds to step S40. 
[0051] In step S40, the CPU 21 discontinues the as- 
sist control. At this time, the main calculator 36 of the 
CPU 21 reads the fail-safe current value lo from the 
memory 50. Subsequently, the main calculator 36 exe- 
cutes calculation using the equation (1) such that the 
fail-safe current value lo gradually decreases to con- 
verge on a predetermined value, which is zero, accord- 
ing to a predetermined rate h (0 < h < 1), thereby com- 
puting the calculation value In. The main calculator 36 
outputs the calculation value In to the current controller 
37. 

[0052] In this embodiment, even if the assist control 
is not currently executed, the CPU 21 computes the as- 
sist current value I that corresponds to the vehicle speed 
V and the steering Th based on the assist map. When 
the assist control is not currently executed, the CPU 21 
does not execute control of the motor M based on the 
assist current value I, which is obtained from the assist 
map. 

[0053] In step S50, the CPU 21 adds one to a second 
accumulated value T2, which has been accumulated by 
processes before step S40, and sets the resultant as 
the current second accumulated value T2. Thereafter, 
the CPU 21 proceeds to step S60. 
[0054] In step S60, the CPU 21 determines whether 
the second accumulated value T2 is greater than a sec- 
ond threshold value, which is a second determination 
value Ts2 in this embodiment (T2 > Ts2). That is, the 
CPU 21 determines whether an abnormality in the sub 
power supply circuit 28 has continued for a second de- 
termination time. 

[0055] If the second accumulated value T2 is less 
than the second determination value Ts2, the outcome 
of step S60 is negative, and the CPU 21 proceeds to 
step S70. 

[0056] When the outcome of step S60 is positive, the 
CPU 21 determines that the second accumulated value 
T2 is greater than the second determination value Ts2. 
That is, the CPU 21 determines that the abnormality in 



the sub power supply circuit 28 has continued for the 
second determination time and establishes a second 
determination. Subsequently, the CPU 21 resets the 
second accumulated value T2 to zero, and proceeds to 

5 step S1 20. 

[0057] In step S70, the CPU 21 judges under the 
same conditions as step S10 whether there is an abnor- 
mality in the power supply of the sub power supply circuit 
28 based on the latest voltage Ps that is inputted in the 

10 CPU 21 when the CPU 21 starts step S70. In other 
words, the CPU 21 determines whether the sub power 
supply circuit 28 has recovered in step S70. 
[0058] If the outcome of step S70 is positive, that is, 
if the power supply of the sub power supply circuit 28 is 

is abnormal, or if the sub power supply circuit 28 has not 
recovered from an abnormality, the. CPU 21 proceeds 
to step S1 10. In step S110, the CPU 21 resets a third 
accumulated value T3, which has been accumulated, 
and returns to step S40. If the outcome of step S70 is 

20 negative, that is, if the sub power supply circuit 28 has 
recovered from an abnormality, the CPU 21 proceeds 
to step S80. 

[0059] In step S80, the CPU 21 adds one to a third 
accumulated value T3, which has been accumulated, 

25 and sets the resultant as the current third accumulated 
value T3. Thereafter, the CPU 21 proceeds to step S90. 
[0060] In step S90, the CPU 21 determines whether 
the third accumulated value T3 is greater than a third 
threshold value, which is a third determination value 

30 Ts3. If the third accumulated value T3 is equal to or less 
than the third determination value Ts3, the CPU 21 re- 
turns to step 370. If the third accumulated value T3 is 
greater than the third determination value Ts3, the CPU 
21 proceeds to step S100. 

35 [0061] In step S100, the CPU 21 resumes the assist 
control and resets the third accumulated value T3 to ze- 
ro. Then, the CPU 21 terminates the program. 
[0062] The resumption of the assist control is execut- 
ed in the following manner. 

40 [0063] When resuming the assist control, the main 
calculator 36 of the CPU 21 calculates an assist current 
value I that corresponds to the vehicle speed V and the 
steering torque Th inputted when the assist control is 
resumed based on the assist map, which is stored in the 

45 ROM 29 in advance. The main calculator 36 reads the 
fail-safe current value lo. Specifically, the main calcula- 
tor 36 calculates the current calculation value In using 
the following equation (2) thereby causing the calcula- 
tion value In to be gradually increased at a predeter- 

50 mined rate f (0 < f < 1 ) at predetermined intervals, such 
that the last calculation value In, which was calculated 
immediately before the assist control was resumed 
reaches the fail-safe current value lo. The main calcu- 
lator 36 supplies the calculation value In to the current 

55 controller 37. 

The current calculation value = the last calculation 
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value + lo • f A (p) (2) 

[0064] In this equation, n represents the number of 
calculation. f A (n) represents f to the pth power. 5 
[0065] When the current calculation value In reaches 
the fail-safe current value lo, the main calculator 36 ex- 
ecutes the normal assist control. 
[0066] In step S110, the CPU 21 resets the third ac- 
cumulation time T3 to zero. 10 
[0067] In step 120, the CPU 21 an OFF control signal 
to the relay drive circuits 25, 26 to turn off the power 
supply relay 55 and the motor relay 56, and terminates 
the routine. 

[0068] According to this program, the assist control is is 
suspended in step S40 from the first determination to 
the second determination. From the first determination 
to the second determination, the power supply relay 55 
and the motor relay 56 are not turned off. 
[0069] If an abnormality of the sub power supply cir- 20 
cuit 28 is dissolved from when the assist control is 
stopped to when the second determination is estab- 
lished, the assist control is resumed in step S100. This 
prevents erroneous determinations. 

[0070] Fig. 4 is a time chart showing the relationship 25 
between detection of abnormalities and the current val- 
ue sent from the main calculator 36 to the current con- 
trollers?. In this chart, "First Abnormality Detection Con- 
dition Satisfied" refers to a state in which the sub power 
supply circuit 28 is determined to be abnormal in step 
S1 0 of Fig. 3 and the first accumulation valueTI is great- 
er than the first determination value Tst . "First Abnor- 
mality Condition Not Satisfied" refers to a state in which 
one of the conditions is not established. 
[0071] "Normality Condition Satisfied" refers to a state 
in which the condition representing an abnormality of the 
sub power supply circuit 28 is not established in step 
S70, and the outcome of step S90 is positive, that is, 
when the condition representing the third accumulated 
time T3 is greaterthan the third determination valueTs3. 
[0072] As shown in Fig. 3, the. CPU 21 gradually de- 
creases the current vaiue/ when the first .abnormality 
condition is established. 

[0073] When the normal condition is established, the 
CPU 21 gradually increases the current value. . 
[0074] This embodiment provides the following ad- 
vantages. 

[0075] When detecting an abnormality in the sub pow- 
er supply circuit 28, the CPU 21 suppresses the assist 
control. While suppressing the assist control, the CPU 
21 determines whether there is an abnormality in the 
sub power supply circuit 28 based on the second deter- 
mination value Ts2. Therefore, there is sufficient time for 
determining whether there is an abnormality in the sub 
power supply circuit 28, which prevents erroneous de- 
terminations. 

[0076] If th e sub power supply circuit 28 returns to nor- 
mal while the assist control is suppressed, the assist 



control is resumed. 

[0077] While suppressing the assist control, the CPU 
21 determines whether the power supply of the sub pow- 
er supply circuit 28 is abnormal. Therefore, the fluctua- 
tions of the current value due to manipulation of the 
steering wheel are reduced, and an abnormality in the 
power supply of the sub power supply circuit 28 is reli- 
ably detected. 

[0078] After stopping the assist control, the CPU 21 
does not abruptly decreases the current value. There- 
fore, the steering feeling is not suddenly changed. 
[0079] When the sub power supply circuit 28 returns 
to normal and the assist control is resumed, the current 
value is not abruptly increased. Therefore, the steering 
feeling is not suddenly changed. 
[0080] The CPU 21 detects an abnormality in the sub 
power supply circuit 28 based on a detection result of 
the torque sensor 31 , which outputs the steering torque 
Th of the steering wheel. 

[0081] A second embodiment will now be described 
with reference to Figs. 1 , 2, 5, and 6. Like or the same 
reference numerals are given to those components that 
are like or the same as the corresponding components 
of the embodiment shown in Figs. 1 to 4. Mainly, the 
differences from the embodiment shown in Figs. 1 to 4 
will be discussed below. 

[0082] in this embodiment, a fail-safe program shown 
in Fig. 6 is executed when a section downstream of (low- 
er voltage to) the motor M is grounded. 
[0083] The CPU 21 executes the program of Fig. 6 at 
a predetermined interval of several microseconds. 
[0084] If the outcome of step S1 OA is positive, that is, 
If the sum of the terminal voltages of the motor M is less 
than a predetermined fourth determination value, the 
CPU 21 determines that there is an abnormality in the 
motor M. The fourth determination value represents a 
state in which a circuit downstream of (tower voltage to) 
the motor M is grounded. If the outcome of step S10A 
is negative, that is, if the sum of the terminal voltages of 
the motor M is equal to or greater than the predeter- 
mined fourth determination value, the CPU 21 termi- 
nates the program. 

[0085] When the process proceeds from step S10A 
to step S40A via steps S20 and S30, which are similar 
to those In Fig. 3, the GPU 21 quickly changes the assist 
current value I to a predetermined value, which is zero, 
as shown in Fig. 5. 

[0086] After steps S40A and S50, the process pro- 
ceeds to step S70A if the outcome of step S60 is nega- 
tive. If the outcome of step S70A is positive : and the sum 
of the terminal voltages of the motor M is less than the 
fourth determination value as in step S10A, the CPU 21 
determines that there is an abnormality in a circuit down- 
stream of (lower voltage to) the motor M. If the outcome 
of step S70A is negative, that is, if the sum of the termi- 
nal voltages is equal to or greater than the fourth deter- 
mination value, the CPU 21 determines that there is no 
abnormality in the circuit downstream of (lower voltage 
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to) the motor M. The process proceeds to step S80, step 
S90, and step S1 00. 

[0087] "First Abnormal Detection Condition Satisfied" 
in the chart of Fig. 5 refers to a state in which the con- 
dition for determining that there is an abnormality in a 
circuit downstream of (lower voltage to) the motor M in 
step S10A and a condition that the first accumulated 
time T1 is equal to or greater than the first determination 
value Ts1 in step S30 are both established. "First Ab- 
normality Detection Condition Not Satisfied" refers to a 
state in which one of the conditions is not established. 
[0088] "Normality Condition Satisfied" in the chart of 
Fig. 5 refers to a state in which the outcome of step S70 A 
in Fig. 6 is negative, that is, there is no abnormality in a 
circuit downstream of (lower voltage to) the motor M, 
and the outcome of step S90 is positive, that is, the third 
accumulated time T3 has passed the third determination 
value T3. 

[0089] When an abnormality is detected in a circuit 
downstream (lower voltage) of the motor M, the CPU 21 
quickly changes the current value outputted form the 
main calculator 36 to zero as shown in Fig. 5. 
[0090] As shown in Fig. 5, the CPU 21 gradually in- 
creases the current value when the normal condition is 
established, that is, when the assist control is resumed. 
[0091] In addition to the advantages of the embodi- 
ment shown in Figs. 1 to 4, this embodiment provides 
the following advantages. 

[0092] When detecting an abnormality that a circuit 
downstream (lower voltage) of the motor M is grounded, 
the CPU 21 suppresses the assist control. While sup- 
pressing the assist control, the CPU 21 determines 
whether there is an abnormality based on the second 
determination value Ts2. Therefore, there is sufficient 
time for determining whether there is an abnormality, 
which prevents erroneous determinations. 
[0093] If the detected abnormality is dissolved (nor- 
malized), the assist control is resumed. 
[0094] When an abnormality that a circuit down- 
stream of (lower voltage to) the motor M is grounded, 
the motor driving current Im is quickly changed to zero 
to stop the assist control. 

[0095] A third embodiment will now be described with 
reference to Figs. 1 , 2, 7, and 8. Like or the same refer- 
ence numerals are given to those components that are 
like or the same as the corresponding components of 
the embodiment shown in Figs. 1 to 4. Mainly, the dif- 
ferences from the embodiment shown in Figs. 1 to 4 will 
be discussed below. 

[0096] In this embodiment, instead of the fail-safe pro- 
gram of the sub power supply circuit 28 shown in Fig. 4, 
a fail-safe program shown in Fig. 7 is executed when 
there is an abnormality in the deviation between the mo- 
tor driving current Im and the assist current value I. 
[0097] The CPU 21 executes the program of Fig. 7 at 
a predetermined interval of several microseconds. 
[0098] In step S1 OB, the CPU 21 determines whether 
the motor M is abnormal based on a predetermined fifth 



determination value. The fifth determination value rep- 
resents whether there is a break in the motor M. Specif- 
ically, if the outcome of step S10B is positive, that is. if 
the deviation between the assist current value I and an 
5 actual current, which is the motor driving current Im, is 
greater than the fifth determination value, the CPU 21 
determines that there is a break in the motor M. If the 
outcome of step S10B is negative, the CPU 21 deter- 
mines that there is no break in the motor M and termi- 
10 nates the program. 

[0099] If the outcome of. step S10B is positive, the 
process proceeds to step S40B via steps S20 and S30. 
In step S40B, the CPU 21 changes the assist current 
value I to a vehicle driving current value Iq (Iq > 0), which 
15 is needed when the vehicle is driving. 

[0100] The vehicle driving current value Iq is the up- 
permost value of the assist current value I during the 
fail-safe procedure. If the assist current value I is equal 
to or less than the vehicle driving current value Iq, the 
CPU 21 sends the calculated assist current value I to 
the current controller 37. Assist force corresponding to 
the vehicle speed V and the steering torque Th is thus 
generated. If the calculated assist current value I is 
greater than the vehicle driving current value Iq, the 
CPU 21 quickly changes the assist current value I to the 
vehicle driving current value Iq. In this case, the mini- 
mum assist force required when the vehicle is driving is 
generated. 

[01 01 ] That is, in this embodiment, suppression of the 
assist control is not designed to eliminate the assist 
force : orto setthe assist current value I to zero. Instead, 
the suppression is designed to maintain the minimum 
assist force. If there is a break in the motor M, the motor 
M is not actuated. Thus, the minimum safety of the pow- 
er steering system is maintained without reducing the 
assist current value I to zero. 

[01 02] When the process proceeds to step S 70 B from 
step S40B via steps S50 and 560, the CPU 21 deter- 
mines that there is an abnormality in the motor M if the 
deviation between the assist current value I and the mo- 
tor driving current Im is greater than the fifth determina- 
tion value, as in step S10A of Fig 6. 
[0103] If the outcome of step S70B is negative, the 
process proceeds to steps S80, S90, and S1 00. In step 
S100B, the CPU 21 resumes the assist control and re- 
sets the third determination value T3 to zero. Then, the 
CPU 21 terminates the program. 

[01 04] In this embodiment, the immediately preceding 
current value In is gradually increased at every prede- 
termined interval such that the immediately preceding 
current value In converges on the assist current value 
I , which corresponds to the current vehicle speed V and 
the current steering torque Th. 

[0105] In the chart of Fig. 8, "First Abnormality Detec- 
tion Condition Satisfied" refers to a state in which the 
outcome of step S1 OB is positive, that is, there is a break 
in the motor M, and the outcome of step S30 is positive, 
that is, the first accumulated time T1 is greater than the 
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first determination value Ts1 . "First Abnormality Detec- 
tion Condition Not Satisfied" refers to a state in which 
one of the conditions is established. "Normality Condi- 
tion Satisfied" refers to a state in which the outcome of 
step S70B is negative, that is, there is no break in the 
motor M, and the outcome of step S90 is positive, that 
is, the third accumulated timeT3 is greater than the third 
determination value Ts3. 

[0106] In this embodiment, when the assist control is 
stopped, that is, when the first abnormality detection 
condition is established, the CPU 21 quickly changes 
the assist current value I, which corresponds to the cur- 
rent vehicle speed V and the current steering torque Th, 
to the vehicle driving current value Iq. 
[0107] When the normal condition is established, the 
CPU 21 gradually increases the vehicle driving current 
value Iq toward the assist current value I. 
[0108] This embodiment provides the following ad- 
vantages. 

[0109] When detecting an abnormality in the motor M, 
the CPU 21 suppresses the assist control. While sup- 
pressing the assist control, the CPU 21 determines 
whether there is an abnormality in the motor M based 
on the second determination value Ts2. Therefore ! there 
is sufficient time for determining whether there is an ab- 
normality in the motor M, which prevents erroneous de- 
terminations. 

[01 1 0] If the motor M returns to normal while the assist 
control is being suppressed, the assist control is re- 
sumed. 

[0111] Since the CPU 21 determines whether there is 
an abnormality in the motor M while suppressing the as- 
sist control, fluctuations of current value due to manip- 
ulation of the steering wheel are reduced. This permits 
an abnormality in the sub power supply circuit 28 to be 
reliably detected. 

[0112] when detecting an abnormality in the motor M, 
the CPU 21 changes the assist current value I to the 
predetermined current value Iq, which is a minimum val- 
ue required when the vehicle is driving. For example, 
even if a detection of an abnormality of the motor M is 
an erroneous determination, the assist force is generat- 
ed. Thus, the erroneous determination does not ad- 
versely affect the steering while the vehicle is driving. 
[0113] . If the assist control is resumed when the motor 
M returns to normal, the current value is not abruptly 
raised, and the amount of change of the current value 
is small as shown in Fig. 8. Therefore, the steering feel- 
ing is not suddenly changed. 

[0114] A fourth embodiment of the present invention 
will now be described with reference to Figs. 7 and 8. 
[01 1 5] This embodiment is different from the embod- 
iment of Fig. 7 in the contents of steps S1 0B, S40B, and 
S70B. Like or the same reference numerals are given 
to those components that are like or the same as the 
corresponding components of the embodiment shown 
in Fig. 7. 

[0116] In step S10B, the CPU 21 determines whether 



the rotation direction of the motor M is abnormal, or 
whether the breaker circuit 40 is abnormal. 
[0117] Determination of whether the rotation direction 
of the motor M is abnormal is performed by comparing 
5 the RD signal with the. RS signal or by comparing the 
LD signal with the LS signal. Specifically, if the outcome 
of step SI OB is positive, in other words, if the compared 
signals are in different directions, the CPU 21 deter- 
mines that the rotation direction of the motor M is differ- 
to ent, that is, the breaker circuit 40 is abnormal. 

[0118] If the outcome of step S1 OB is negative, in oth- 
er words, if the compared signals are in the same direc- 
tion, the CPU 21 determines that the rotation direction 
of the motor M is the same, that is, the breaker circuit 
15 40 is not abnormal. 

[0119] If the outcome of step S10B is negative, the 
process proceeds to steps S20, S30, and S40B. In this 
embodiment, the assist current value I is quickly 
changed to a minimum current value imin (Iq > Imin > 
20 o) in step S40B. With the minimum current value Imin, 
no assist power is outputtedto the motor M (see Fig. 8). 
[01 20] If the rotation direction of the motor M is abnor- 
mal as in this embodiment, the assist force must be im- 
mediately eliminated for safety. However, since the mo- 
25 tor driving current Im must be monitored forcontinuously 
monitoring the abnormality in step S60, the assist cur- 
rent value I cannot be changed to zero as in the embod- 
iment of Fig. 3. 

[0121] In this embodiment, the predetermined value 
30 is setto the minimum current value Imin, which is greater 
than zero but does not generate the assist force. This 
eliminates the assist force while permitting the abnor- 
mality to be continuously monitored. 
[0122] If the outcome of step S60 is negative, the 
35 process proceeds to step S70B. 

[0123] In step S70B, whether the rotation direction of 
the motor M is abnormal is determined under the same 
conditions as in step S10B. 

[0124] In addition to the advantages of the third em- 
40 bodiment, this embodiment has thefollowing advaritag- 



(1) When detecting an abnormality in the breaker 
circuit 40, the CPU 21 quickly decreases the assist 
current value I, which corresponds to the current ve- 
hicle speed V and the current steering torque Th, to 
the minimum current value Imin (Iq > Imin (prede- 
termined value) > 0). As a result, an abnormality in 
the breaker circuit 40 is continuously monitored 
while eliminating the assist force. 



45 



50 



[0125] It should be apparent to those skilled in the art 
that the present invention may be embodied in many 
other specific forms without departing from the spirit or 
55 scope of the invention. Particularly, it should be under- 
stood that the invention may be embodied in the follow- 
ing forms. 

[0126] In the embodiment of Figs. 1 to 4, whether 



8 



3NSD0CID: <EP 1319576A2J. 



15 



EP 1 319 576 A2 



16 



jthere is an abnormality in the torque sensor 31 or in the 
interface of the detection signal of the torque sensor 31 
may be detected based on the detection signal of the 
torque sensor 31 . In this case, whether there is an ab- 
normality in the torque sensor 31 is determined accord- 
ing to a conventional method based on whether the level 
of the detection signal of the torque sensor 31 is an ab- 
normal level. 

[0127] In this case, the CPU 21 determines whether 
the detection signal of the torque sensor 31 is abnormal 
in steps S10 and S70 shown in Fig. 3. 
[0128] In the embodiment of Figs. 1 to 4, the CPU 21 
may detect whether there is an abnormality in the bat- 
tery power supply circu it instead of the sub power supply 
circuit 28. 

[0129] The battery power supply circuit includes the 
battery B and a voltage monitoring circuit in the CPU 21 
that monitors the voltage supplied from the battery B. 
Whether there is an abnormality in the battery power 
supply circuit is determined according to a conventional 
method based on whether the level of the power supply 
voltage is an abnormal level. 

[0130] In this case, the CPU 21 determines whether 
the signal of voltage from the battery B is abnormal in 
steps S1 0 and S70 shown in Fig. 3. 
[0131] In steps S1 OA and S70A of the embodiment of 
Fig. 6, the CPU 21 may determine that there is an ab- 
normality that a short circuit is established between the 
circuit containing the motor M and a higher voltage side 
(for example, a circuit to which the voltage of the battery 
B is applied) based on a sixth determination value. The 
sixth determination value represents a state in which the 
circuit of the motor M establishes a short circuit with the 
higher voltage side. 

[0132] In the embodiment of Fig. 6, the CPU 21 may 
determine whether the sum of the terminal voltages of 
the motor M is higher than a seventh determination val- 
ue, which is higher than the voltage of the battery B.The 
seventh determination value is higher than the voltage 
value of the battery B and is used for determining that 
the FETs 51 to 54 establish a short circuit. Further, when 
the sum of the terminal voltages of the motor M is less 
than an eighth determination value that is less than the 
seventh determination value, the CPU 21 may deter- 
mine that the FETs 5 1 to 54 establish a short circuit. The 
eighth determination value is lower than the voltage of 
the battery B and is used for determining that the FETs 
51 to 54 establish a short circuit. 
[0133] In steps S10B and S70B of Fig. 7, the CPU 21 
may detect that the motor driving current Im is fixed to 
an abnormally low value. 

[0134] In each embodiment, the assist control may be 
executed in accordance only with the steering torque 
Th. 

[0135] Therefore, the present examples and embod- 
iments are to be considered as illustrative and not re- 
strictive and the invention is not to be limited to the de- 
tails given herein, but may be modified within the scope 



and equivalence of the appended claims. 
[01 36] A control apparatus of an electric power steer- 
ing system has calculating means, controlling means, 
determining means, suppressing means, canceling 

5 means. Calculating means calculates an assist current 
value that corresponds to the assist force based on 
steering torque of a steering wheel. Controlling means 
executes assist control of the motor based on the assist 
current value. Determining means determines an abnor- 

10 matity in the circuit. Suppressing means suppresses the 
assist control when an abnormality in the circuit is de- 
termined. If the determination of an abnormality has 
continued longer than a predetermined time since the 
suppression of the assist control, the suppressing 

15 means opens relay means that permits electric power 
to be supplied to the motor. When it is determined that 
the circuit returns to normal with the assist control sup- 
pressed, the canceling means cancels the suppression 
of the assist control. 



Claims 

1 . A control apparatus of an electric power steering 
25 system coupled to a steering wheel, wherein the 

electric power steering system includes a motor and 
a circuit related to control of the motor, wherein the 
motor generates assist force for reducing steering 
force of the steering wheel, the apparatus being 
30 characterized by: 

calculating means, which calculates an assist 
current value that corresponds to the assist 
force based on steering torque of the steering 
35 wheel; 

controlling means, which executes assist con- 
trol of the motor based on the assist current val- 
ue such that the motor generates the assist 
force; 

40 determining means for determining an abnor- 

mality in the circuit; 

suppressing means, which suppresses the as- 
sist control when an abnormality in the circuit 
is determined, wherein, if the determination of 

45 an abnormality has continued longer than a 

predetermined time since the suppression of 
the assist control, the suppressing means 
opens relay means that permits electric power 
to be supplied to the motor; and 

50 canceling means, wherein, when it is deter- 

mined that the circuit returns to normal with the 
assist control suppressed, the canceling 
means cancels the suppression of the assist 
control. 

55 

2. The control apparatus according to claim 1 , char- 
acterized in that, when the determining means de- 
termines an abnormality in the circuit, the suppress- 
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ing means gradually decreases the assist current 
value to a predetermined value from a value at a 
time before the abnormality was determined. 

3. The control apparatus according to claim 2, char- 
acterized in that the predetermined value is other 
than zero and does not cause the motor to generate 
assist force. 

4. The control apparatus according to claim 2, char- 
acterized in that the predetermined value is zero. 

5. The control apparatus according to claim 1 , char- 
acterized in that, when the determining means de- 
termines an abnormality in the circuit, the suppress- 
ing means quickly decreases the assist current val- 
ue to a predetermined value from a value at a time 
before the abnormality was determined. 

6. The control apparatus according to claim 5, char- 
acterized in that the predetermined value is other 
than zero and does not cause the motorto generate 
assist force. 

7. The control apparatus according to claim 5, char- 
acterized in that the predetermined value is zero. 

8. The control apparatus according to claim 1 . char- 
acterized in that, when it is determined that an ab- 
normality generates in the circuit, the suppressing 
means suppresses the assist current value, and 
when it is determined that the circuit returns to nor- 
mal with the assist control suppressed, the cance- 
ling means gradually increases the assist current 
value from the suppressed value toward a value at 
a time before the determining means determined 
the abnormality in the circuit. 

9. The control apparatus according to claim 2, further 
being characterized by detecting means, wherein 
the detecting means detects an abnormality in a 
torque sensor for detecting steering torque of the 
steering wheel , and wherein the determining means 
determines an abnormality in the circuit based on a 
detection result of the detecting means. 

10. The control apparatus according to claim 5, further 
being characterized by detecting means, wherein 
the detecting means detects an abnormality in cur- 
rent supplied to the motor, and wherein the deter- 
mining means determines an abnormality in the cir- 
cuit based on a detection result of the detecting 
means. 

11 . The control apparatus according to claim 5, further 
being characterized by detecting means, wherein 
the detecting means detects an abnormality in the 
rotation direction of the motor, and wherein the de- 



termining means determines an abnormality in the 
circuit based on a detection result of the detecting 
means. 

5 12. The control apparatus according to claim 7, further 
being characterized by detecting means, wherein 
the detecting means detects an abnormality in ter- 
minal voltages of the motor, and wherein the deter- 
mining means determines an abnormality in thecir- 

10 cuit based on a detection result of the detecting 
means. 

13. The control apparatus according to any one of 
claims 1 to 12, characterized in that, if an abn or- 
is mality in the circuit is continuously detected during 

a predetermined first determination time in a state 
where the assist control is not suppressed, the de- 
termining means establishes a first determination 
of an abnormality in the circuit to suppress the assist 

20 control, and wherein, if an abnormality in the circuit 
is continuously detected during a second determi- 
nation time in a state where the assist control is sup- 
pressed, the determining means establishes a sec- 
ond determination of an abnormality in the circuit, 

25 and, based on the second determination, the sup- 
pressing means opens the relay means. 

14. A control method of an electric power steering sys- 
tem coupled to a steering wheel, wherein the elec- 

30 trie power steering system includes a motor and a 
circuit related to control of the motor, wherein the 
motor generates assist force for reducing steering 
force of the steering wheel, the method being char- 
acterized by: 

35 

calculating an assist current value that corre- 
sponds to the assist force based on steering 
torque of the steering wheel; 
executing assist control of the motor based on 

40 the assist current value such that the motor 

generates the assist force; 
determining an abnormality in the circuit; 
suppressing the assist control when an abnor- 
mality in the circuit is determined, wherein, if 

45 the determination of an abnormality has contin- 

ued longer than a predetermined time since the 
suppression of the assist control a relay that 
permits electric power to be supplied to the mo- 
tor is opened; and 

so canceling the suppression of the assist control 

when iL is determined that the circuit returns to 
normal with the assist control suppressed. 
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Fig. 4 
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